We have generated monoclonal antibodies (MABs) to staphylococcal enterotoxin B (SEB) in BALB/c mice. Five out of 20 clones which produce anti-SEB MABs have been characterised. Among them, three produce IgGl/lc, one produces IgM/A, and one apparently produces both IgGl/A and IgM/iZ MABs. The anti-SEB titres of ascites fluids range from 3200 to > 819200 by ELISA. All of the MABs analysed thus far neutralise the mitogenic response of BALB/c splenocytes to a suboptimal dose of SEB. Also, the induction of suppressor cells by SEB in vitro is reversed by pre-incubating SEB with these MABs. Limited digestion with chymotrypsin, trypsin or Staphylococcus aureus V8 protease yields peptide fragments which have been tested by Western-blot analysis. MABs 1FD7 and 2GD9 are specific for the carboxy-terminal end of SEB, and have a similar, but not identical, binding epitope. MABs 2DA3 and 2HAlO bind to intact SEB but not to cleaved products, and are probably specific for antigenic determinants altered by the cleavage or by the denaturing conditions of the electrophoresis, or by both.
Introduction

SEB (entB) has been cloned in Escherichia coli and
It is well established that staphylococcal enterotoxins (SE) are amongst the leading causes of foodborne diseases in the USA (Bergdoll, 1979) . In sensitive species all the staphylococcal enterotoxins elicit similar symptoms, which most commonly include diarrhoea and vomiting. These enterotoxins have been classified into several serological types, designated SEA, SEB, SEC1, SEC2, SEC3, SED, SEE, and SEF (Bergdoll, 1983) ; enterotoxin B (SEB) has received the greatest attention (Schantz et al., 1965; Dalidowicz et al., 1966; Huang and Bergdoll, 1970; Spero et al., 1973 Spero et al., , 1975 Middlebrook et al., 1980) . This enterotoxin consists of a single polypeptide chain of 28.5 Kda. The complete amino-acid sequence has been determined (Huang and Bergdoll, 1970) . Limited trypsin digestion of SEB yields two major fragments: a carboxyterminal fragment of c. 17 Kda and an aminoterminal fragment of approximately 1 1.5 Kda (Spero et al., 1973) . Recently, the gene coding for Staphylococcus aureus (Ranelli et al., 1985) .
Our laboratory has previously shown that SEB, a potent T-cell mitogen, induces suppressor T-cell populations that suppress the anti-sheep red blood cell (anti-SRBC) antibody response (Donnelly and Rogers, 1982) as well as the secretion of IgA by the MOPC-3 15 plasmacytoma cell line in vitro (Lin and Rogers, 1986) . In an attempt to assess the biochemical nature of suppressor-cell induction by SEB, we have recently generated a battery of monoclonal anti-SEB antibodies. These monoclonal antibodies (MABs) may also be useful in the identification of peptide fragments involved in binding to cell surfaces. A combination of peptide fragments and these MABs may provide a useful approach for the analysis of the critical epitope(s) responsible for the induction of suppressor cells. In addition, these antibodies have potential application in immunodiagnostic tests.
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Minimal Essential Medium (MEM ; M.A. Bioproducts, Walkersville, MD, USA) supplemented with non-essential amino acids 0.1 mM, 1 mM sodium pyruvate, gentamicin 50 pg/ml, 2 mM L-glutamine, fetal calf serum (FCS) 1 OX, 0.05 mM 2-mercaptoethanol, and adenosine, uridine, cytosine, and guanosine 10 pg/ml. Staphylococcal enterotoxin A (SEA) was used in specified experiments and was a gift from Dr M. Bergdoll (University of Wisconsin, Madison, WI, USA).
Generation of monoclonal antibody
(i) Immunisation. BALB/c mice were immunised with 16.6 pg of SEB in complete Freund's adjuvant injected intraperitoneally (i.p.) and were boosted twice with 25 pg and 16.6 pg of SEB, respectively, in incomplete Freund's adjuvant at 4-5-week intervals. A week after the second booster dose, the mice were bled and the sera were tested for anti-SEB titres by enzyme-linked immunosorbent assay (ELISA); this was repeated twice at 1-week intervals. After the third bleeding, further booster injections of 25 pg of SEB and 15 pg of lipopolysaccharide (LPS) were given intravenously 4 days before fusion.
(ii) Fusion and screening. This was as described by Strockbine et al. (1984) . Briefly, the splenocytes from immunised mice were fused to SP2/0 myeloma cells at a sp1enocyte:myeloma cell ratio of 2: 1 to 3: 1 in 50% polyethylene glycol on a concanavalin A-coated dish. The total number of cells added to the dish was 1 x lo8. Polyethylene glycol was left on for 15 s and was aspirated off gently. The dish was incubated overnight in Dulbec-CO'S modified Eagle's medium (DME) (Gibco Laboratories, Grand Island, NY, USA) supplemented with FCS 20%. The cells were then plated out in 96-well tissueculture plates at -lo5 spleen cells/well in DME containing hypoxanthine-aminopterin-thymidine (Hazleton Labs, Denver, PA, USA) and FCS 10% in the presence of feeder layers-( 1-2) x lo5 normal splenocytes/well. The production of specific antibody was assayed by ELISA.
Ninety-six-well plates (Falcon 39 15, Pro-Bind Assay Plate) were coated with SEB 1 pg/ml in 0.1 M carbonatebicarbonate buffer, pH 9.6, 50 pl/well. After overnight incubation at 4"C, the plate was washed with 0.05 M phosphate-buffered saline (PBS) containing Tween 20 0.05%, pH 7.4 (PBS-T). The well was blocked with 200 pl of bovine serum albumin 3% solution in 0.1 M carbonatebicarbonate buffer and incubated for 2 h at 37°C or overnight at 4°C. After washing with PBS-T, 5Opl of supernates to be tested were added to each well and incubated for 2 hat 37°C. After extensive washings, 50 pl of a 1 in 100 dilution in PBS of peroxidase-labelled affinity-purified anti-mouse IgA + IgG + IgM (H and L) (Kirkegaard and Perry Laboratories Inc., Gaithersburg, MD, USA) was added to each well and incubated for 90min at 37°C. The plate was thoroughly washed and developed with 0.2 mM 2,2'-azino-di(3-ethyl-benzthiozoline sulphonate) (Sigma) and 0.06% hydrogen peroxide in 0.1 M citrate buffer, pH 4.0, 100pl/well, at room temperature. The plate was read at dual wavelength (AT410 nm, and AR490 nm) by a mini-ELISA autoreader (Dynatech Laboratories Inc., Alexandria, VA, USA).
Antibody-producing hybrids were expanded and subcloned at least twice by limiting dilution. The isotypes of the MABs were determined with a MonoAB-Id kit (Zymed Laboratories Inc., San Francisco, CA, USA).
(iii) Production of ascitic fluid. BALB/c mice were primed at least 1 week before inoculation with the hybrids with 0.5-ml i.p. injection of pristane (2,6,10,16tetrame-thylpentadecane; Aldrich Chemical Co., Milwaukee, WI, USA). Typically, 2 x lo6 hybridoma cells were injected i.p., and the ascites fluids were collected, centrifuged at 800g and stored at -20°C. In some experiments, the ascites fluid was precipitated with 50% saturated ammonium sulphate, pH 7.8, followed by dialysis against 0.01 M PBS (pH 7.2) before use.
Blastogenesis assay
This was done as described by Rivas and Rogers (1 983) . Briefly, 8 x 1 O5 splenocytes in RPMI 1640 medium (GIBCO) supplemented with 2 mM L-glutamine were cocultured with a suboptimal dose (dose used, 1.5pg; optimal dose, lOpg) of SEB in 96-well microtitration plates. After 48 h, 0.5 pCi of [3H]thymidine (Amersham, Arlington Heights, IL, USA) was added in 5Opl of medium. Cultures were incubated for a further 18 h and were harvested. Thymidine uptake was measured with a liquid scintillation counter. In some of the cultures, SEB was pre-incubated with serial dilutions of ammonium sulphate-precipitated ascites fluid for 2 h at 4°C before the addition of splenocytes to the wells.
Priming cultures
Splenocytes were primed by incubating them at a density of 1.5 x lo7 cells/ml in TCM in the presence or absence of SEB 10 pg/ml. The cultures were incubated at 37°C for 48 h in an atmosphere consisting of COz lo%, O2 7%, N2 83%. In some of the cultures, SEB was preincubated with ammonium sulphate-precipitated ascites fluid for 2 h at 4°C before addition of splenocytes.
Mishell-Dutton cultures and plaque-forming cell (PFC) response
Antibody-forming cells were generated in vitro in micro-Mishell-Dutton cultures as described by Kappler (1974) and modified by Tittle and Rittenberg (1978) . Cells were cultured in 96-well microtitration plates at a density of 2 x lo7 cellslml in TCM in the atmosphere described above. Each well received 50 pl of spleen cell suspension and 50 pl of a 0.1% SRBC suspension. Coculture of various primed cells with immune spleen cells was used to evaluate suppressor-cell activity; 24 h after cultures were prepared, a nutritional supplement was added; this consisted of MEM with a final concentration of 3 mM non-essential amino acids, 3 mM essential amino acids, dextrose 6 mg/ml, 6 mM L-glutamine, sodium bicarbonate 0.67%, FCS 33%, and adenosine, uridine, cytosine and guanosine 41 pg/ml each.
Five days after the initiation of cultures, the anti-SRBC PFC response was determined by the Cunningham slide modification of the Jerne haemolytic plaque assay (Cunningham and Szenberg, 1968) . A culture represented a row of eight wells which were pooled accordingly at the time of the PFC assay. Triplicate determinations of the PFC responses were performed for each group. Only the direct (IgM) PFC response was measured.
Proteolytic enzyme digestion
Limited digestion with trypsin or chymotrypsin was done by established methods (Spero et al., 1976) . Treatment with S. aureus V8 protease was performed in situ (in the gel) for 40 min (Spero et al., 1973) .
Western blotting
Native or digested SEB was prepared for sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and separated on 15% polyacrylamide gels. When electrophoresis was completed, the gels were removed and the separated proteins were electrophoretically transferred to nitrocellulose paper (NCP) (0.45 pm; BA 85; Schleicher and Schuell Inc., Keene, NH, USA) essentially as described by Towbin et al. (1979) . The NCP :gel sandwich was electrophoresed at 1 A for 45 min in a Transblot apparatus (TE series Transphor Electrophoresis Unit; Hoefer Scientific Instruments, San Francisco, CA, USA). After electrophoresis, the NCP was stained either immunochemically or with amido black (0.1% w/v in CH,OH 45% v/v, C H 3 0 0 H 10% v/v, dHzO 45% v/v). Immunochemical staining was performed by first blocking the NCP with low-fat milk 5% in PBS overnight. The blots were then washed extensively with PBS-T, and incubated with MABs (ascitic fluid) which were diluted in PBS (final MAB concentration 40 pg/ml) plus milk 5% for 2 h at 37°C or overnight at 4°C. The blots were extensively washed and incubated with rabbit anti-mouse IgG (diluted 1 in 80 in 5% milk) for 2-4 h at 4°C and then incubated with peroxidase-anti-peroxidase complex (PAP) (1 in 160 dilution in PBS) (SternbergerMeyer, Jarrettsville, MD, USA) for 1-2 h at 4°C. The blots were washed and developed with 0-dianisidine (3,3-dimethoxybenzidine di hydroc hloride) (Sigma) 0.008% and HZO2 0.002% in 10 mM Tris buffer (pH 7.4) for 20 min.
Radio-immunoassay
MABs were tested by a radio-immunoassay as described by Miller et al. (1978) with z51-labelled SEB and dilutions of unlabelled toxin from 0 to 7 pg/ml. The reaction was developed with a 1 in 50 dilution of rabbit anti-mouse IgG (Cappel) as a secondary antibody. The antibody affinity was estimated by the method of Adrion (1 982).
Results
Characterisation of MABs
Twenty hybrids secreting anti-SEB MABs were selected and expanded; five out of 20 clones were characterised. As shown in table I, three clones, designated lFD7, 2DA3 and 2HA10, produced y1 heavy chain and K light chain, one (2EG5) produced p heavy and R light chain, and one (2GD9) was an apparent producer of both y1 and p heavy chains with R light chains. The 2GD9 clone was recloned three times, and each clone was determined to be positive for both p and y heavy chain production. The anti-SEB titres of ascites fluids ranged from 3200 to > 819200 by ELISA. Among them, 2GD9 had the highest anti-SEB titre (> 819200) and 2EG5 had the lowest titre (3200).
The reactivity of hybridoma culture supernates with staphylococcal enterotoxin A (SEA) was also determined by ELISA. There was no significant cross-reactivity of anti-SEB MABs with SEA.
Neutralisation by MABs of the mitogen response to SEB
SEB is known to be a potent T-cell mitogen (Peavy et al., 1970) . We attempted, therefore, to assess the ability of these MABs to neutralise the mitogenic activity. Various concentrations of MAB were incubated with SEB before the addition of splenocytes to the wells in the blastogenesis assay. The results showed that 97% of the mitogenic activity of SEB was inhibited by 160 pg of 1FD7 ascites fluid, 83% by 160 pg of 2DA3 ascites fluid, nearly 100% by 160 pg of 2GD9 ascites fluid, and 98% by 20pg of 2EG5 ascites fluid ( fig. 1 ). An irrelevant MAB, 3A10, which was specific for the cell walls of Streptococcus mutans (Ingbritt) did not YEE-SHIN LIN ET AL. inhibit mitogenicity. A significant difference in the neutralising activity of these MABs was observed. Approximately 7.5 pg of MAB 2EG5 inhibited the mitogenic activity by 50%, whereas 35 pg of MABs lFD7 or 2GD9, and 90 pg of 2DA3, were required for similar activity.
Neutralisation by MABs of suppressor-cell induction by SEB
In the previous experiments, we showed that mitogenic activity of 1.5 pg of SEB was neutralised up to 100% by 160 pg of MABs 1FD7, 2DA3 and 2GD9 or by 20 pg of MAB 2EG5. Accordingly, we incubated SEB at a ratio of 1.5 : 200 of MAB 1FD7, 2DA3, 2GD9 or 3A10, and at a ratio of 1.5:20 of MAB 2EG5 ascites fluid for 2 h at 4°C before the addition of splenocytes for suppressor cell induction. The results (table 11) showed that significant suppressor cell induction occurred with untreated SEB or with SEB pre-incubated with the irrelevant MAB (3A10). However, when SEB was preincubated with MABs 1FD7, 2DA3, 2EG5 or 2GD9, little or no suppressor-cell induction was observed. Thus, the induction of suppressor cells by SEB was neutralised by each of the SEB-specific MABs. MABs 1FD7 and 2GD9 react with the carboxy-terminal fragment.
Limited pro t eoly t ic digest ion analysis
In an attempt to characterise the binding epitope of each of these MABs, limited digestion with trypsin, chymotrypsin or S. aureus V8 protease was followed by SDS-PAGE and Western blotting. Electrophoresis of the untreated SEB gave one major band at -29 Kda (native SEB) and two minor bands at -15.5 Kda and -13 Kda (fig. 2,   lane 1) . These minor bands, reported previously by others (Spero et al., 1973; Thompson et al., 1984) , are believed to result from nicking of the toxin (by contaminating proteases) at the cysteine loop. These two fragments were referred to as the "natural" fragments. In our Western-blot analysis studies of untreated SEB, MABs lFD7 and 2GD9 recognised the 15-5-Kda "natural" fragment ( fig. 2,  lanes 2 and 4) , whereas MABs 2DA3 and 2HA10 reacted with only the native SEB ( fig. 2, lanes 3 and  5) . The polyclonal antisera also reacted with the carboxy-terminal "natural" fragment but not with the amino-terminal fragment (data not shown). Furthermore, the irrelevant MAB (3A10) did not react with native SEB or any of the fragments.
Limited digestion of SEB with trypsin gave two major fragments at -17 Kda and -12 Kda ( fig. 3, lane 2). The peptide-bond cleavage with trypsin digestion is between Lys-97 and Thr-98. The 17-Kda fragment is the carboxy-terminal portion and the 12-Kda fragment is the amino-terminal portion of the toxin (Spero et al., 1973) . In Western-blot analysis, MABs 1FD7 and 2GD9 reacted with the 17-Kda carboxy-terminal fragment but not with the 12-Kda amino-terminal fragment ( fig. 3 , lanes 3 and 5). The polyclonal antisera also reacted with the carboxy-terminal fragment (data not shown), whereas MABs 2DA3 and 2HA10 did not react with either of the fragments ( fig. 3, lanes 4 and 6) . Limited digestion of SEB with chymotrypsin gave two major fragments at -14 Kda and -13 Kda (data not shown), whereas MABs 2DA3 and 2HA10 did not react with either of the fragments (fig. 4,  lanes 4 and 6) .
Treatment of SEB with S. aureus V8 protease in situ generated multiple fragments (fig. 5, lane 2) . MABs 1FD7 and 2GD9 may have distinct binding epitopes since 2GD9 recognises several fragments from 13 Kda to 24 Kda, whereas 1FD7 only binds to a 15-Kda fragment.
categories: MABs lFD7 and 2GD9 recognise epitopes present on the carboxy-terminal end of the toxin and bind to distinct fragments of this region. The results obtained from VS-protease digestion suggest that MABs 1FD7 and 2GD9 may not recognise the, same epitope. The second group was made up of MABs 2DA3 and 2HA10, and these reacted only with native SEB and not with any of the "natural" or enzyme-generated fragments. and 6).
The difference in reactivity with the VS-protease fragments between MABs 1FD7 and 2GD9 could be the result of a greater binding affinity of the 2GD9 antibody. Radio-immunoassay data ( The characteristics of the binding epitopes allow these four clones to be divided into two major
Discussion
Serological methods of detecting staphylococcal enterotoxins at low levels presently require relatively high affinity antisera. Similarly, the detection of enterotoxins in complex mixtures, such as contaminated foods, requires the availability of highly specific and defined antisera. Problems associated with the use of polyclonal antisera for these purposes include the continuing requirement for purified antigen to make the antisera and the variation that occurs between individual antiserum preparations. MABs hold promise of a significant improvement in the detection of enterotoxins. Large quantities of a single antibody can be generated, and the antibody can be selected on the basis of high affinity. Once defined and characterised, these MABs can be employed for various serological tests including radio-immunoassay, ELISA and Western-blot analysis.
The use of monoclonal anti-enterotoxin antibodies is limited by the fact that the toxin molecule may be partially or completely fragmented in biological samples. The reactivity of the MABs with the toxin fragments in these samples may not reflect accurately the actual concentration of "toxic" or biologically active toxin. The fragment(s) containing the toxic epitope(s) may or may not react with any given MAB. Information concerning the binding epitope of the MABs, and the possible neutralisation of toxin activity, is important when considering the use of any MAB for toxin detection.
It has been shown previously (Thompson et al., 1984) that monoclonal anti-SEB antibodies are useful in the characterisation of antigenic epitopes within the toxin molecule. We have generated a battery of MABs which recognise staphylococcal enterotoxin B (SEB), and we report the results of experiments done with five of these to show that both the mitogenic activity and the ability to induce suppressor cells are neutralised by these antibodies. A significant difference in the quantity of antibody required for neutralisation of mitogenic activity was observed; we suggest that this probably reflects a difference in binding affinity. However, it is possible that the neutralising activity may also be due partly to the proximity of the antibody binding site to the epitope(s) responsible for the interaction of the SEB with the lymphocytes.
Each of these MABs was characterised by Western-blot analysis with partially-digested SEB. Whereas all of the antibodies reacted with the native toxin, MABs 2DA3 and 2HAlO failed to react with any fragment. It is possible that the epitope recognised by these MABs is destroyed under the denaturing or reducing conditions of the electrophoresis. We have run similar gels in the absence of P-mercaptoethanol, and MABs 2DA3 and 2HA10 both fail to react with any fragment under these conditions. It is most likely that the cleavage or the denaturing conditions, or both, alter the binding epitope on the toxin fragment for MABs 2DA3 and 2HA10. The same is true for MAB 2EG5. Similar results have been reported by Thompson et al. (1984) for other monoclonal anti-SEB antibodies; these workers showed that one of their four anti-SEB MABs did not react in the Western-blot procedure with intact SEB, probably because the epitope for this antibody is destroyed during SDS-PAGE. All of our MABs, including MAB 2EG5, react with intact SEB (unpublished data).
Our results show that MABs 1FD7 and 2GD9 recognise an epitope of SEB present in the carboxyterminal portion of the trypsin-digested toxin molecule. If the cleavage site for trypsin is lysine residue number 97 (Spero et al., 1973 (Spero et al., , 1975 , the apparent epitope for these MABs resides within the region between residues 98 and 239.
The results with V8 protease-digested SEB suggest that MABs 1FD7 and 2GD9 do not recognise the same epitope. Work with more precise fragments will be necessary in order to identify the exact location of these specific epitopes.
It is particularly interesting that the aminoterminal fragments fail to react strongly with the polyclonal antisera. Various factor: may explain the reduced immunogenicity of the amino-terminal region. In any case, it is not surprising to find a predominance of reactivity for the carboxy-terminal region among the monoclonal antibodies in this study. 
